Preparation of pVP302K. An 822-bp fragment was amplified from pVP202K using upstream and downstream primers. An upstream 95-bp primer containing (a) a 5΄-end (N-terminal) 26-bp region encoding a partial NHis 8 tag (for subsequent cloning into vector pVP102K), (b) an internal 41-bp region containing an in-frame Tev protease cleavage site (ENLYFQS), and (c) a 3΄-end (C-terminal) 28-bp region (annealing to pVP202K) was obtained commercially. Additionally, a 57-bp downstream primer containing (a) a 5΄-end 24-bp region (for subsequent cloning into vector pVP102K) and (b) a 3΄-end 33-bp region (annealing to vector pVP202K) was designed. The resulting 822-bp fragment containing the Nterminal NHis 8 tag and Tev protease site, as well as the C-terminal Vibrio cholarae RtxA protease-CHis 8 fusion was subsequently cloned into pVP102K by PCR overlap extension, 1-4 yielding pVP302K.
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SUPPORTING INFORMATION -SYNTHETIC DETAILS AND NMR DATA
CHEMICAL SYNTHESES:
General. β-Ether-linked model compounds were synthesized according to the method of Adler and Eriksoo 6, 7 . R f values were calculated as the ratio of elution volume to total solvent volume (v/v). Chromatographic elution volumes were calculated as the product of the mobile phase flow rate (in mL min -1 ) and a given compound's retention time (t R , in min).
Chemicals and reagents were purchased from Sigma-Aldrich. 1 H and 13 C NMR spectra were recorded on a Bruker Biospin (Billerica, MA) AVANCE 700 MHz spectrometer fitted with a cryogenically cooled 5-mm TXI gradient probe with inverse geometry (proton coils closest to the sample). Chemical shifts are reported in parts per million (ppm). The central NMR solvent peaks were used as internal references (δ H : 2.05 ppm and δ C : 29.8 ppm for acetone-d 6 ; δ H : 4.79 ppm for (HDO in) D 2 O 8, 9 . J values are recorded in Hz. Carbon and proton assignments for all compounds as labeled in the included 1 H and 13 C NMR spectra were determined by via the aid of 2D COSY, HSQC, and HMBC NMR spectra. Merck-EMD Millipore aluminum-backed Silica Gel 60 F 254 normal-phase thin-layer chromatography plates were used for smallscale separation of organic compounds using a mixture of hexane and ethyl acetate as the mobile solvent. Biotage KP-Sil silica gel was used for preparative separations of organic compounds by flash chromatography using a CombiFlash R f delivery module using a mixture of hexane and ethyl acetate as the mobile phase. Fig. S2A-B) . A solution of ethyl acetate (200 mL), α-(4-O-methyl)-guaiacylethanone (7.24 g, 40.2 mmol), and pyridinium tribromide (13.5 g, 42.2 mmol) was prepared in a 500-mL round-bottom flask with magnetic stirring. After 30 min, the reaction mixture was washed three times with saturated Na 2 CO 3 , once with H 2 O, and once with brine. The organic layer was then dried over MgSO 4 and the solvent was evaporated in vacuo. The resulting residue was then dissolved in hot methanol and allowed to cool, affording crystalline β-bromo-α-(4-O-methyl)-guaiacylethanone (6.1 g, 59% yield). (Fig. S2A) . To a 250-mL round-bottom flask containing a magnetically stirred solution of vanillin (2.4 g, 15.8 mmol) dissolved in acetone (60 mL), anhydrous K 2 CO 3 (4.3 g, 31.0 mmol) was added and the reaction mixture was set to reflux for 10 min. β-bromo-α-(4-O-methyl)-guaiacylethanone (4.0 g, 15.5 mmol) dissolved in acetone (20 mL) was then added and the resulting mixture was incubated at refluxing temperature for 2 h. Carbonates were then removed by filtration and the filtrate was evaporated in vacuo. The resulting residue was taken up with ethyl acetate and washed twice with aqueous 1 N NaOH, twice with H 2 O, and once with brine. The organic layer was then dried over MgSO 4 and the solvent was again evaporated in vacuo. The residue was then dissolved in hot ethanol and allowed to cool, affording crystalline α-(4-O-methyl)-guaiacylethanone-β-(1΄-formyl)-guaiacyl ether (4.5 g, 87% yield). (Fig. S2B) . The synthesis of α-(4-O-methyl)-guaiacylethanone-β-(1΄-formyl)-syringyl ether was carried out via the same procedure that yielded α-(4-O-methyl)-guaiacylethanone-β-(1΄-formyl)-guaiacyl ether. In this case, the starting materials were syringaldehyde (2.9 g, 15.8 mmol), acetone (total volume: 80 mL), anhydrous K 2 CO 3 (4. Fig. S2C) . The synthesis of α-(4-O-methyl)-syringylethanone-β-(1΄-formyl)-guaiacyl ether was carried out via the same procedure that yielded α-(4-O-methyl)-guaiacylethanone-β-(1΄-formyl)-guaiacyl ether. In this case, the starting materials were vanillin (0.4 g, 2.7 mmol), acetone (total volume: 30 mL), anhydrous K 2 CO 3 (0.7 g, 5.2 mmol), and β-bromo-α-(4-O-methyl)-syringylethanone (0.8 g, 2.6 mmol). From ethanol, α-(4-O-methyl)-syringylethanone-β-(1΄-formyl)-guaiacyl ether was crystallized (0.9 g, 92% yield). Fig. S2D) . The synthesis of α-(4-O-methyl)-syringylethanone-β-(1΄-formyl)-syringyl ether was carried out via the same procedure that yielded α-(4-O-methyl)-guaiacylethanone-β-(1΄-formyl)-guaiacyl ether. In this case, the starting materials were syringaldehyde (0.5 g, 2.7 mmol), acetone (total volume: 30 mL), anhydrous K 2 CO 3 (0. (Fig. S2C) . The synthesis of racemic α-(4-O-methyl)-syringylglycerone-β-(1΄-formyl)-guaiacyl ether (racem-SβG) was carried out via the same procedure that yielded racem-GβG. In this case, the starting materials were α-(4-O-methyl)-syringylethanone-β-(1΄-formyl)-guaiacyl ether (0.8 g, 2.2 mmol), formaldehyde (0.07 g, 2.3 mmol, 0.17 mL of 37% formaldehyde in H 2 O), 1,4-dioxane (20 mL), and anhydrous K 2 CO 3 (0.6 g, 4.4 mmol). From ethyl acetate and hexane, racem-SβG was crystallized (0.7 g, 82% yield). 
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Synthesis of racemic α-(4-O-methyl)-syringylglycerone-β-(1΄-formyl)-guaiacyl ether, racem-SβG
Sβ(R)S:
Analytical HPLC (column AY-H, Hexane/EtOH = 1/1, flow rate = 2.5 mL min -1 ) t R = 18.4 min, R f = 0.43. Preparative HPLC (column AY-H, Hexane/EtOH = 7/3, flow rate = 2.5 mL min -1 ) t R = 20.6 min, R f = 0.38.
Sβ(S)S:
Analytical HPLC (column AY-H, Hexane/EtOH = 1/1, flow rate = 2.5 mL min -1 ) t R = 24.2 min, R f = 0.32. Preparative HPLC (column AY-H, Hexane/EtOH = 7/3, flow rate = 2.5 mL min -1 ) t R = 27.9 min, R f = 0.28.
Preparative separation of SβS enantiomers. To separate enantiomers Sβ(R)S and Sβ(S)S, crystalline
racem-SβS (5.0 mg, 11.9 nmol) was dissolved in ethanol (5 mL) and injected into a CHIRALPAK AY-H column (10 by 250 mm) using a 7/3 mixture of hexane/ethanol as the mobile phase at a flow rate of 2.5 mL min.
-1 Fractions containing Sβ(R)S (20-26 min) (Fig. S3B) and Sβ(S)S (28-36 min) were collected, pooled, and solvents were dried in vacuo. The aforementioned procedure was repeated four additional times in order to collect approximately 25 mg of each enantiomer for use in syntheses of SβS-MTPA(R) esters.
General procedure for syntheses of MTPA(R) esters. Enantiopure preparations of Gβ(S)G, Gβ(R)G, Sβ(R)S, and Sβ(S)S were obtained via preparative chiral chromatography (Fig. S3) . In four parallel reactions, the Cγ-OH moieties of GβG enantiomers (10 mg, 27.8 nmol) and SβS enantiomers (10 mg, 23.8 nmol) were acylated using α(S)-methoxy-trifluoromethyl-phenyl-acetyl chloride (MTPACl(S)), producing four diastereometric MTPA(R) Cγ-esters. Phenylacetylation of Gβ(S)G (t R = 15.1 min) and Gβ(R)G (t R = 29.6 min) yielded Gβ(S)G-MTPA(R) and Gβ(R)G-MTPA(R), respectively. Phenylacetylation of Sβ(R)S (t R = 27.6 min) and Sβ(S)S (t R = 37.3 min) yielded Sβ(R)S-MTPA(R) and Sβ(S)S-MTPA(R), respectively.
General procedure for synthesis of GβG-propenone. Because both the Gβ(S)G-MTPA(R) and the Gβ(R)G-MTPA(R) preparations contained small amounts of contaminating α-(4-O-Me)-guaiacyl-β,γ-propenone-β-(1΄-formyl)-guaiacyl ether (GβG-propenone), an additional reaction was carried out (over an extended reaction period) to synthesize pure GβG-propenone. Using racem-GβG (30 mg, 83.3 nmol) and MTPACl(S) as starting materials in a 2 h reaction, pure GβG-propenone was obtained and subsequently used as a standard for identifying the desired 1 H and 13 C resonances in the Gβ(S)G-MTPA(R) and Gβ(R)G-MTPA(R) NMR spectra. Fig. S3) . In a 50-mL conical flask with magnetic stirring at 0 °C, a solution of Gβ(S)G (10 mg, 28 nmol), diisopropylethylamine (7 mg, 55 nmol, 10 µL), and dimethylaminopyridine (2 mg, 14 nmol) dissolved in dichloromethane (2.0 mL), α΄΄(S)-methoxyl-trifluoromethyl-phenyl acetyl chloride [MTPACl(S)] (28 mg, 111 nmol, 21 µL) was added dropwise. After 5 min, the reaction was collected in a Pasteur pipette and loaded onto an 8 g RediSep®R f flash chromatography column, with which dichloromethane (20 mL) was used as the mobile phase. The column removed residual diisopropylethylamine, dimethylaminopyridine, and α΄΄(S)-methoxyltrifluoromethyl-phenyl acetyl chloride, whereas the product MTPA(R) ester was collected from flowthrough fractions. Dichloromethane was then evaporated in vacuo and the oil containing the desired product was analyzed by NMR spectroscopy. Integration of the 1 H NMR spectral regions for protons γH a and γH b revealed that the reaction products were a ~2:1 mixture β(S)-(1΄-formyl)-guaiacyl-α-(4-Omethyl)-guaiacylglyceryl α΄΄(R)-methoxyl-trifluoromethyl-phenyl acetate, [Gβ(S)G-MTPA(R)] (6 mg, 38% yield) and a contaminant which was found to be a β,γ-unsaturated alkene, GβG-propenone (2 mg, 21% yield). Fig. S3) . The synthesis of β(R)-(1΄-formyl)-guaiacyl-α-(4-O-methyl)-guaiacylglyceryl α΄΄(R)-methoxyl-trifluoromethyl-phenyl acetate [Gβ(R)G-MTPA(R)] was carried out via the same procedure that yielded Gβ(S)G-MTPA(R). However, since Gβ(R)G-MTPA(R) was the desired product, Gβ(R)G (10 mg, 28 nmol) was used as the starting material [instead of Gβ(S)G]. Integration of the 1 H NMR spectral regions for protons γH a and γH b revealed that the reaction products were a ~2:1 mixture Gβ(R)G-MTPA(R) (7 mg, 44% yield) and GβG-propenone (2 mg, 21% yield). 
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β(R)-(1΄-formyl)-guaiacyl-α-(4-O-methyl)-guaiacylglyceryl α΄΄(R)-methoxyl-trifluoromethyl-phenyl acetate, Gβ(R)G-MTPA(R) [synthetic]:
Synthesis of α-(4-O-methyl)-guaiacyl-β,γ-propenone-β-(1΄-formyl)-guaiacyl ether, GβG-propenone.
So that the 1 H and 13 C NMR spectral regions of the contaminating β,γ-unsaturated alkene could be identified in the Gβ(S)G-MTPA(R) and Gβ(R)G-MTPA(R) reaction products, we synthesized α-(4-Omethyl)-guaiacyl-β,γ-propenone-β-(1΄-formyl)-guaiacyl ether (GβG-propenone). The synthesis of GβG-propenone was carried out via the same procedures that yielded Gβ(S)G-MTPA(R) and Gβ(R)G-MTPA(R). In this case, the starting materials were racem-GβG (30 mg, 83 nmol), diisopropylethylamine (21 mg, 165 nmol, 30 µL), and dimethylaminopyridine (6 mg, 42 nmol) dissolved in dichloromethane (4.0 mL), with dropwise addition of MTPACl(S) (83 mg, 333 nmol, 63 µL). Further, the reaction was incubated for a period of 2 h (rather than 5 min) after the addition of MTPACl(S) to enable MTPA(R) elimination and formation of GβG-propenone to reach completion. After the extended reaction period, neither Gβ(S)G-MTPA(R), nor Gβ(R)G-MTPA(R) was found in the products.
1 H and 13 C NMR revealed that the reaction had afforded pure GβG-propenone (20 mg, 70% yield). Fig. S3) . In a 50-mL conical flask with magnetic stirring at 0 °C, a solution of Sβ(R)S (12 mg, 28 nmol), diisopropylethylamine (7 mg, 55 nmol, 10 µL), and dimethylaminopyridine (2 mg, 14 nmol) dissolved in dichloromethane (2.0 mL), MTPACl(S) (28 mg, 111 nmol, 21 µL) was added dropwise. After 5 min, the reaction was collected in a Pasteur pipette and loaded onto an 8 g RediSep®R f flash chromatography column, with which dichloromethane (20 mL) was used as the mobile phase. The column removed residual diisopropylethylamine, dimethylaminopyridine, and α΄΄(S)-methoxyl-trifluoromethyl-phenyl acetyl chloride, whereas the product MTPA(R) ester was collected from flow-through fractions. Dichloromethane was then evaporated in vacuo and the oil containing the desired product was analyzed by NMR spectroscopy.
1 H and 13 C NMR revealed that the reaction had afforded essentially pure β(R)-(1΄-formyl)-syringyl-α-(4-O-methyl)-syringylglyceryl α΄΄(R)-methoxyl-trifluoromethyl-phenyl acetate [Sβ(R)S-MTPA(R)] (10 mg, 65% yield). (1΄-formyl)-syringyl-α-(4-O-methyl) Fig. S3) . The synthesis of β(S)-(1΄-formyl)-syringyl-α-(4-O-methyl)-syringylglyceryl α΄΄(R)-methoxyl-trifluoromethyl-phenyl acetate [Sβ(S)S-MTPA(R)] was carried out via the same procedure that yielded Sβ(R)S-MTPA(R). However, since Sβ(S)S-MTPA(R) was the desired product, Sβ(S)S (12 mg, 28 nmol) was used as the starting material [instead of Sβ(R)S].
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Synthesis of β(S)-(1΄-formyl)-syringyl-α-(4-O-methyl)-syringylglyceryl α΄΄(R)-methoxyltrifluoromethyl-phenyl acetate, Sβ(S)S-MTPA(R) (
1 H and 13 C NMR revealed that the reaction had afforded essentially pure Sβ(S)S-MTPA(R) (9 mg, 59% yield). S -18 
